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Abstract: Relatively little is known about the interaction
between behavioral changes, medication, and cognitive func-
tion in Parkinson’s disease (PD). We examined working
memory, learning and risk aversion in PD patients with and
without impulsive or compulsive behavior (ICB) and com-
pared the results with those in a group of age-matched con-
trol subjects. Parkinson patients with PD+ICB had poorer
working memory performance than either controls or PD
patients without ICB. PD+ICB patients also showed
decreased learning from negative feedback and increased
learning from positive feedback in off compared with on do-

paminergic medication. This interaction between medication
status and learning was the opposite of that found in the PD
patients without a diagnosis of ICB. Finally, the PD group
showed increased risk preference on medication relative to
controls, and the subgroup of PD+ICB patients with patho-
logical gambling were overall more risk prone than the PD
group. Thus, medication status and an impulsive behavioral
diagnosis  differentially  affect several behaviors in
PD. © 2010 Movement Disorder Society
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The relationship between dopamine levels and cogni-
tive function in Parkinson’s disease (PD) has been the
subject of much interest,'*? but there has been less work
examining the interaction between behavioral changes
and cognition.” Dopaminergic medication is effective in
treating the motor symptoms of PD but can lead to impul-
sive or compulsive behaviors (ICB) in a minority of
patients.4 These behaviors include pathological gambling
(PG), hypersexuality, compulsive shopping, binge eating,
punding, and compulsive overuse of levodopa (dopamine
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dysregulation syndrome).*® Risk factors for the develop-
ment of ICBs include male sex, young age at onset, high
novelty seeking personalities, and history of addiction.”

In early PD, there is greater dopamine depletion in
the dorsal striatum than in the ventral striatum.® Clini-
cally, effective dopamine replacement in the dorsal
striatum can overstimulate the relatively intact ventral
striatum and lead to undesirable cognitive changes.” A
number of behavioral correlates of medication status
(off vs. on) have been documented. For example, PD
patients are more sensitive to negative feedback and
less sensitive to positive feedback when in off medica-
tion, whereas they show the opposite behavior on med-
ication.'® Furthermore, PD patients on higher L-dopa
doses are more impulsive than controls."'

PATIENTS AND METHODS

Patients were recruited from a database of attendees
at the National Hospital for Neurology and Neurosur-



2204 A. DJAMSHIDIAN ET AL.

gery, Queen Square, London, United Kingdom. Con-
trols were usually recruited from amongst the patients’
partners. Written informed consent was obtained from
all participants. Patients were asked to take no anti-
Parkinsonian medication overnight (12—-18 hours) and
were tested first between 8.00 AM and 9.00 AM before
their morning medication. Patients then took their first
L-dopa dose, and the tests were repeated 50 minutes
later. The therapeutic motor response to L-dopa was
assessed by UPDRS scores (Part 3) during “off” and
“on” state. All patients had an excellent L-dopa
response and had switched “on” at the second test.
Levodopa equivalent units were calculated as described
previously.'? Testing was performed in the patient’s
homes using a laptop computer. Distractions were
minimized, so that full attention could be devoted to
the task. Controls were tested following a similar
sequence, i.e., they were tested once and then retested
after 50 minutes but received no medication. To ensure
that patients did not fatigue during the study, a self-rat-
ing questionnaire to monitor interest, attentiveness, and
alertness was obtained before and after medication (see
Supporting Information).

The first task was a forward and backward digit
span test'” to assess working memory (WM). The sec-
ond task was an associative learning task in which sub-
jects were required, in each of four blocks of trials, to
learn which of two stimuli was most often
rewarded.'*'> In each trial, they selected one stimulus
and were then told whether or not they “won” on that
trial. Winning probabilities for the two stimuli (75%/
25% and 65%/35% were used in different blocks) were
constant throughout each block and balanced across
stimuli across blocks (see Supporting Information for
additional details). The final task was a gambling task,
which was designed to probe the risk aversion of the
subjects and programmed to match the description
given of the task in Huettel et al.'® In each trial sub-
jects, were given a choice between two gambles with
varying levels of risk. Subjects chose one gamble and
were then told of the outcome (see Supporting Infor-
mation for additional details).

Mixed-effects ANOVA models were fit to behavioral
variables. Subject was treated as a random effect nested
under group. Group and session were treated as fixed
effects, and session was treated as a within-subject
effect. All post hoc comparisons were corrected using
Tukey’s HSD test. For the WM task, the raw WM
scores were converted into scaled scores according to
published normative tables.'? For the learning and risk
tasks, ANOVAs were carried out on parameters from
computational models fit to the behavioral data of indi-
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vidual subjects (see Supporting Information Methods
for details of the models). For the learning task, we fit
two parameters, which were treated as within subject
factors. The first parameter characterized the amount
that positive feedback, after selecting one of the stimuli,
affected future decisions, and the second parameter
characterized the same for negative feedback. For the
risk task, we fit two parameters. The first (¢ from Sup-
porting Information Methods) characterized how much
the subjects valued large vs. small rewards. Larger posi-
tive values of this parameter imply that subjects prefer
small, sure rewards to large rewards with a lower prob-
ability. Thus, this parameter characterizes the amount
of risk to which subjects are prone. The second parame-
ter (d from Supporting Information Methods) character-
ized whether subjects became more risky following a
win. For the risk analysis, the ANOVAs were carried
out separately for each parameter.

RESULTS

Demographic Characteristics

All patients fulfilled the Queen Square Brain Bank
criteria for PD'” and were taking L-dopa (Table 1).
Twelve patients with idiopathic PD without ICB (3 of
12 female) and 18 PD patients with ICBs (5 of 18
female) were compared against 22 healthy controls (10
of 22 female). All PD+ICB patients had at least 2 ICB.
PD+ICB patients had an earlier disease onset (3 =
2.1, P = 0.04). The average time lag between the diag-
nosis of an ICB and the testing was 5.6 months. Twelve
PD-+ICB patients were included in a previous study.'®

All patients were screened for subclasses of ICBs
(Table 1). Nine PD+ICB were tested during reduction
of their dopamine agonist medication; seven patients
had already reduced their dopamine agonist medica-
tion, which had improved their impulsive behavior. At
the time of testing, they still fulfilled the criteria of
ICB with the exception of two patients, who had ful-
filled these criteria within the previous 12 months. All
patients with ICBs developed their behavioral abnor-
malities as a direct result of medication.

An ANOVA to test difference between ages in the
three groups just failed to reach significance (Fp49 =
3.2, P = 0.051). Post hoc comparisons were not signif-
icant between the PD group vs. the control (P = 0.07)
or PD+ICB group (P = 0.098). There was no signifi-
cant difference in the morning (t,3 = 1, P = 0.3) and
daily L-dopa dose between the patient groups (f,g =
0.9, P = 0.36). The timing of the last dopaminergic
medication was not significantly different between the
patient groups (5 = 0.3, P = 0.2). We assessed years
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TABLE 1. Subject demographics

Controls PD PD+ ICB P

Participants in total (n) 22 12 18
Age (yr)

Currently 55 3.0 63.6 = 2.2 55 £ 2.1 0.051

At disease onset - 509 £ 2.2 439 £ 2.1 0.04
Disease duration (yr) - 12.7 £ 2.1 109 = 1.2 0.8
Education (yr) 13.8 = 0.7 142 = 1.3 122 = 0.9 >0.15
DDS - - 6
Pathological gambling - - 10
Hypersexuality - - 9
Compulsive shopping - - 5
Binge eating - - 7
Kleptomania - - 1
Punding - 2
Morning L-dopa dose (mg) - 170 = 21 185 = 32 0.3
Total L-dopa dose (mg) - 604 = 73 752 = 109 0.36
LEU dose (mg) - 732 + 203 971 = 183 0.1
DA (patients) - 7 9 0.89
MAO inhibitor (patients) - 5 6 0.6
Entacapone (patients) - 5 6 0.6
UPDRS OFF medication - 24+ 1.6 38 =34 0.002
UPDRS ON medication - 13x14 18 £22 0.12
Average improvement in UPDRS (%) 46 53

All values are mean = SEM. Pathological gambling assessed with DSM IV criteria, compulsive shopping assessed with McElroy et al.’s crite-
ria,>> hypersexuality assessed with questionnaire suggested by Voon ez al.*® and punding (see Table 1).
DDS, dopamine dysregulation syndrome; UPDRS, Unified Parkinson’s Disease Rating Scale; LEU, L-dopa equivalent units; DA, dopamine ago-

nist; NS, nonsignificant.

of education in 17 of 22 controls, 9 of 12 PD patients,
and 14 of 18 ICB patients and found no significant dif-
ference (F,37; = 1.98, P = 0.15).

Working Memory

The WM task showed a main effect of group (F;47
= 6.9, P = 0.002) and task (3 = 16.0, P < 0.001)
and a significant interaction between these factors
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(Fp.431 = 3.3, P = 0.040) but no effect of off vs. on
(F1131 =0.007, P = 0.9). To examine these effects in
more detail, two additional ANOVAs with post hoc
comparisons were carried out, which revealed that the
overall WM (digit forward + backward span) was sig-
nificantly impaired in the PD+ ICB group compared
with both the control (P = 0.006) and PD groups (P
= 0.014), but there was no difference between the PD
group and controls (P = 1.00; Fig. 1A). More specifi-

B
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FIG. 1. A, Overall WM performance. Box plot showing the median (horizontal line) within a box containing the central 50% of the observations
(i.e., the upper and lower limits of the box are the 75th and the 25th percentiles) and extremes of the whiskers containing the central 95% of the
ordered observations. Controls and PD without and with ICB. Outliner is shown as circle. B, WM between the three groups, split by tasks (for-
ward-backward). Values are mean (= 1 SEM). Significant differences were labeled with “*” in both figures.
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FIG. 2. Average learning referenced to the stimulus, which has the highest probability of being correct in the block. A, Learning rate for PD
patients with ICB off and on medication. B, Learning rate for PD group off and on medication. C, Learning rate for control group, st and 2nd
sessions. D, Average choices referenced to the stimulus, which is most probably best at each trial in the block. Error bars are = 1 SEM.

cally, PD+ICB patients performed significantly worse
on the forward task than the PD and control groups
(both, P < 0.001) and also performed significantly
worse on the backward task than the PD (P = 0.01)
and control groups (P < 0.001). There were no signifi-
cant differences between PD and controls in the for-
ward task (P = 0.09), but the control group was signif-
icantly better than the PD group in the backward task
(P = 0.01; Fig. 1B).

Learning Task

Overall, the number of times that subjects picked
the most rewarded image was similar between on and
off conditions (Fig. 2A—C). The feedback associated
with each image was stochastic and could favor the
image with a higher probability of being rewarded. We
compared the choices of the subjects with an ideal ob-
server which always made the optimal decision, given
the feedback up to the current trial in each block [Eq.
(3), Supporting Information). All subject groups (Fig.
2D) made the same choice as the ideal observer at
above chance levels (ICBOFF, ¢ = 4.7, P < 0.001;
ICBON, t;9 = 4.1, P = 0.001; PDOFF, t;; = 3.2, P =
0.009; PDON, t;; = 3.1, P = 0.010; CONTROLI, #4
= 3.8, P = 0.002; CONTROL2, #,, = 3.8, P =
0.002). A comparison of group and session in a mixed-
model ANOVA showed no significant effect of group
(Fa46 = 1.17, P = 0.319), session (F, 46 = 0.14, P =
0.71), or interaction (F,46 = 0.15, P = 0.857).

Next, we compared learning from positive and nega-
tive feedback across groups. When all three groups
were compared, there was a significant effect of va-
lence (Fy46 = 65.9, P < 0.001), but there were no
other significant effects. Subsequently, we carried out
an ANOVA directly comparing the PD and ICB
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groups, excluding the control group. In these groups,
there was a main effect of valence (F; 3o = 83.07, P
< 0.001) but no other main effects or 2-way interac-
tions. There was, however, a 3-way interaction
between valence, group, and session (Fy3p = 6.55, P
= 0.016; Fig. 3D). We followed up this result with
separate ANOVAs in the two individual groups and
found a significant interaction between session and
type of feedback for the PD+ICB group (Fig. 3A;
Fi19 = 4.8, P = 0.041), as well as a significant main
effect of feedback valence (F o = 12.43, P = 0.002).
The PD group showed a main effect of feedback va-

lence (Fig. 3B; F;;; = 14.6, P = 0.003) but no inter-
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FIG. 3. Learning from positive and negative feedback for patients
with ICB, PD, and control groups. All values are mean (=1 SEM).
A, Learning from positive and negative feedback on and off medica-
tion. B, Same as A for non-ICB PD. C, Learning from positive and
negative feedback in first and second test session in control subjects.
D, Within-subject difference in learning from positive vs. negative
feedback for PD patients with ICB vs. non-ICB patients off and on
medication.
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FIG. 4. Risk preference. All values are mean (=1 SEM) A, Risk preference by group on (2nd trial for patients) and off (1st trial for patients) do-
pamine medication. This is parameter ¢ from the risk model described in the Supporting Information. B, Change in risk preference following a
win: parameter d from the risk model described in the Supporting Information.

action between session and valence (F;; = 2.83, p =
0.121). Finally, it is important to point out that
although learning rates were negative in some cases,
these are relative to a baseline of 0.5 (Methods in Sup-
porting Information); therefore, learning from both pos-
itive and negative feedback are greater than zero and
larger for positive than negative feedback, as they
should be.

Risk Task

We modeled two effects in the risk task. The first
was an overall risk aversion term (parameter ¢), and
the second was whether subjects became more or less
risk averse if they won in the previous trial (parameter
d). First, controls showed an increase in risk aversion
in the second test session, whereas both patient groups
showed an increase in risk preference in the second
session relative to the first session (Fig. 4A). An
ANOVA that included all three groups had no signifi-
cant main effects of group or session but did show a
significant interaction between group and session (F 4g
= 4.2, P = 0.021). Post hoc comparisons of the differ-
ence of the sessions showed that the controls were sig-
nificantly different than the PD subjects (P = 0.036)
but did not differ significantly from the ICB group (p
= 0.052). Next, we carried out an ANOVA on only
the PD and PD+ICB groups and found no significant
differences. However, when the PD group was com-
pared with the subset of ICB patients that had PG (n
= 10, ICB gamblers, Fig. 4A), there was a main effect
of group (Fy5 = 7.9, P = 0.011) and session (F;;
= 477, P = 0.040). We also analyzed whether sub-
jects became more risk prone after a win. An ANOVA

across all three groups showed a main effect of session
(F148 = 5.3, P = 0.030) but no other main effects or
interactions (Fig. 4B). When the analysis was restricted
to PD and PD+ICB groups or the PD and PD+ICB
gamblers, there were no significant main effects or
interactions.

DISCUSSION

WM was significantly reduced in PD+ICB patients
compared with the PD and control groups. PD patients
showed impairment in the digit backward span test
compared with controls, consistent with a recent publi-
cation."” We did not find an improvement of WM after
medication. Previous studies have shown that WM is
reduced in impulsive patients with attention deficit/
hyperactivity disorder and healthy controls who scored
highly on an impulsivity questionnaire. These subjects
had lower total striatal dopamine levels, which seem to
be associated with lower WM capacity.?>*' Other stud-
ies have shown impaired spatial memory in patients
with impulse control disorders.*

We found that PD+ICB patients showed increased
learning from positive vs. negative feedback off medi-
cation compared with on medication, whereas non-ICB
patients showed a trend toward the previously described
learning effects.'® Furthermore, the group by session by
valence interaction was significant, such that these
learning effects were significantly complimentary.
These effects appear to be inconsistent with recently
reported results on impulsive patients with PD.>* How-
ever, there are fundamental differences between their
approach and ours that may account for these discrep-
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ancies. They used interleaved win (i.e., win $10/lose
$0) and loss (i.e., lose $10/win $0) conditions and fitted
one learning rate parameter to the win condition and
one to the loss condition. In our approach, we fitted
separate parameters to positive and negative outcomes
within a single condition. Thus, we would have fit sepa-
rate parameters to the win $10 and the lose $0 out-
comes within the win condition, and correspondingly in
their loss condition, whereas they fit a single parameter.
It is not clear, therefore, whether the positive or nega-
tive outcomes are driving the learning rate in each of
their conditions and to what extent. Thus, it is difficult
to directly compare both the studies, which may
account for the differences we have found. We also use
a slightly different modeling approach. We show in the
Supporting Information that our modeling approach
works better on our data and that it provides roughly
consistent estimates of learning when compared with
the modeling approach used previously.*

It is important to consider the limitations of our
study. First, we used unbalanced gains (10 pence) and
losses (5 pence) in our learning paradigm; so, it might
be the differential magnitude that the PD+ICB patients
are sensitive to. However, we think it is unlikely that
differential sensitivity to reward magnitude could
underlie the group differences with respect to the
effects of medication, as we found that dopaminergic
medication status affected risk preference (which meas-
ures sensitivity to reward magnitude) in the same way
in PD and PD+ICB patients and, yet, medication had
contrasting effects in the learning task. The valence
effect we saw across groups, however, could be due to
the unbalanced gains and losses, as all groups appeared
to learn more from gains than losses. Second, to mini-
mize the effects of our study on patients, data collec-
tion was performed in one morning in fixed order; off
medication then on medication. Thus, practice effects
cannot be separated from the on medication effects.
Accordingly, we also ran the control subjects twice to
attempt to control for practice effects through the
morning. However, the latter does not negate the possi-
bility of an interaction between practice and disease,
so that practice effects may have been different in
patients. In the light of the effects demonstrated in the
current study, we have embarked on a follow-up study
in which the order of drug states is counterbalanced
across patients (and losses and gains are balanced).

PET studies of dopamine release have shown that
dopamine medication leads to elevated ventral striatal
dopamine release in PD+ICB patients relative to PD
patients without ICB.>*** These observations and our
results are consistent with the hypothesis that PD+ICB
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patients have elevated baseline dopamine levels in the
ventral striatum and that dopaminergic medication
increases the levels further, reducing learning from
positive feedback. This might be explained by the
“inverted U” shape hypothesis®®?’ where the ability to
pick the rewarded stimulus might be impaired when
PD+ICB subjects are pushed off the upper end of the
curve by their medication.

The risk task was designed to test the hypothesis
that patients with ICB are more risk prone than non-
ICB patients.”® Previous authors have described the
premorbid Parkinsonian personality as one character-
ized by caution, risk aversion, and anhedonia.?’ In con-
trast PD+ICB patients have a behavioral profile char-
acterized by increased impulsiveness or novelty seek-
ing®® similar to subjects prone to substance abuse and
behavioral addictions.>® Overall, PD+ICB patients
showed a trend to be more risk prone relative to nor-
mal PD, which did not reach significance. However,
PD+ICB patients who had PG were significantly more
risk prone than the PD group. A tendency toward risky
behavior has also been found in pathological gam-
blers.>' Furthermore, dopaminergic medication led to
increased risk preference in the PD patients relative to
the healthy controls and just missed significance in
ICB patients vs. controls. This is particularly interest-
ing because risk taking decreases with age®* and there
was a trend for the normal PD group to be older than
both groups. These findings are consistent with two
recently published studies, which showed that dopa-
mine agonists lead to increased novelty seeking and a
reduction in negative feedback learning.****

We have demonstrated differences in learning
between PD patients with and without ICBs. These dif-
ferences could be explained by higher ventral striatal
dopamine levels in PD+ICB patients. In addition, PD
patients with PG were more risk prone compared with
normal PD patients and healthy controls. These find-
ings may have therapeutic and clinical implications.
The reduction in the overall anti-Parkinsonian medica-
tion with positive reinforcement of nonimpulsive
behavior is likely to be more beneficial than aversion
therapy in PD+ICB patients.
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